Measurement of enzyme activity in a Clinicon reaction rate analyser was carried out in two ways: one method was based on absolute calibration and the other used an enzyme standard which involved adjustment of results according to the value for the standard obtained in each batch. Batch calibration significantly improved long-term precision and reduced differences between results obtained in different instruments.
Alanine aminotransferase (ALT) and aspartate aminotransferase (AST) were determined using Boehringer kits (catalogue Nos 191345 and 191337, respectively) according to the Scandinavian Commission on Enzymes 1974. rGT activity was determined using 3 glutamyl-3-carboxy-4-nitroanilide as substrate (Boehringer kit catalogue No. 125954).
Measurement was made at 37°C on either a Clinicon reaction rate analyser 8600 (Clinicon I and 2) or a Clinicon reaction rate analyser 2086 (Clinicon 3). The recorders were fitted with a retransmitting slide wire linked to a Honeywell 316 computer.' Absorbance readings were taken every 2 seconds between 24 and 56 seconds after the start of the measuring cycle, and a linear regression line was fitted through the 17 readings to derive the change of absorbance per minute.
The standard comprised freeze-dried serum reconstituted daily (Precipath E, Boehringer Corporation Ltd). A value (based on the absolute calibration of the instrument) was assigned to the standard on the basis of 36 values obtained over a period of two weeks. Precision was monitored by including in each batch quality control material which comprised the same type of material as was used for the standard but of a different lot number.
Every batch had the same format, viz, reagent blank in tubes 1 and 2, enzyme standard in tubes 3 and 4, quality control sample in tubes 5, 15 and every 10th tube thereafter, with test samples elsewhere. Uncorrected results, that is, results based on absolute calibration of the instrument, were calculated by the computer program from the change in absorbance 160
The measurement of enzyme activities with the Clinicon reaction rate analyser (Boehringer Corporation Ltd, Bell Lane, Lewes, East Sussex), as with many other similar instruments, is based on the rate of absorbance change in a reaction at a set temperature, the molar absorptivity of a reaction component or product, the sample volume, and the final volume of the reaction mixture. For a particular assay, the latter three factors, together with the temperature, are nominally constant so that the instrument, in theory, does not require calibration each time a batch of samples is assayed.
In this laboratory we have observed, from time to time, unexpected anomalies in batches of results which appear to have been due to change in calibration. Often these anomalies have been shown to be due to an unexpected variation, for example, in sample volume or in the temperature, although sometimes they have not been explained. We have also observed differences in the results obtained with different Clinicon reaction rate analysers assaying the same specimens, even though the instruments were subjected to identical calibration procedures.
An alternative way of using a reaction rate analyser is to include, with each batch oftest samples, material of known enzyme activity to act as a calibrating standard. Since each batch of assays has a standard, the effect of variation in sample volume or temperature of the reaction or in some other critical factor will in theory be much less. To see whether this procedure improves precision in practice, we have compared the long-term precision of the instrument using a standard to calibrate each batch, its precision with based on absolute calibration.
Methods and material
Results assigned value for standard average value for standard -in the batch.
Monthly mean values for the quality control serum for ALT (-) and AST (---): (a) uncorrected values; (b) corrected values. ALT data obtained from 10 batches analysed on each instrument in the same 10 days.
values for both enzymes ranged between approximately 68 and 81 lU/1 while corrected mean values ranged between 74 and 78 IV/I. Precision data ( Table 1) indicate that long-term precision for corrected values was better by a factor of 2 than that for uncorrected data although correction did not always improve short-term precision. These data were taken from two three-month periods (Figure) in which the mean batch correction factors differed by 13 % but the corrected mean values for AL T and AST differed by less than 3 %.
Calibrating each batch also reduced differences between results obtained on different instruments ( Table 2 ). These data were obtained during a further three-month period when uncorrected values for AL T and AST on Clinicon I were approximately 12% higher than when measured on Clinicon 3. Corrected mean values differed by approximately 3 %. No differences were observed between Clinicon 2 and Clinicon 3 when yGT was measured on both instruments during the same period. A visit from the BCL engineer in which the Clinicon I was serviced almost eliminated the difference between Clinicon 1 and Clinicon 3.
Discussion
The data in our study show that a batch calibration procedure for the measurement of enzymes on a per minute and the predetermined calibration factor. A reagent blank was subtracted. Corrected results were obtained by the computer program for each batch by multiplying the uncorrected result by a batch correction factor viz:
The use of an enzyme standard improved long-term precision. The Figure shows the monthly mean values (uncorrected and corrected) for the quality control serum for AL T and AST obtained over a period of 15 months. Uncorrected monthly mean Clinicon reaction rate analyser decreased variation in enzyme activity both within instrument and between instrument and resulted in improved long-term precision. Failure to improve short-term precision suggests that batch calibration does not reduce random error. Long-term precision, however, is affected by temporary bias, and batch calibration produces a clear improvement. Batch calibration in enzyme analysis poses the problem of assigning values to the standard. It is apparent from our results that repeated measurement of the enzyme standard using absolute calibration, even over a period of several weeks, is an inaccurate method of calibrating the standard. A more accurate value could be assigned by measuring the enzyme activity in the standard by a reference method using equipment that had been previously calibrated." We have attempted to do this and are at present evaluating our results.
The errors inherent in the measurement of enzyme activity on a reaction rate analyser have been discussed by other workers.P " In addition to factors such as temperature, sample, and reagent volumes, values for enzyme activity are also affected by the linearity and accuracy of absorbance, path length, wavelength accuracy, bandwidth, stray light, noise, and drift. In this study it is not known precisely which component of the instrument was responsible for the variation found. We have previously found variation in the absorbance calibration of Clinicon reaction rate analysers'' but the differences were smaller than in this study. Maclin et a/. 6 concluded that results based on Nisbet, Owen, and Pulford absolute calibration could range from -41 % to +35% if all errors were in the same direction. In our experience, it is not only time-consuming but difficult to ensure that all parameters involved in absolute calibration are consistently the same from day to day and year to year. We suggest that batch calibration provides a satisfactory alternative.
